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A Squirrel-Cage Motor fitted with 
a “Broadbent” Centrifugal Clutch 
Pulley or Coupling is Cheaper and 
More Reliable than a High Starting 
Torque Motor: Moreover :— 





The Starting Current is Consider- 
ably Reduced, as the Motor is per- 
mitted to accelerate WITHOUT Load: 


Every User of Electric Motors 
should write for a copy of our 
New Catalogue containing 
additional Technical Data and 
further Applications. 








POST FREE on Request. 


Thomas Broadhent & Sons Ltd. 
Telephone— tt U DDER SFI E L D Telegrams— 


1581 (4 lines) ‘* BROADBENT”’ 
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A RESERVE OF POWER 


is one of the advantages of 


WESTINGHOUSE | 
AIR BRAKE | 


which is of particular value for trolley 


LEWBESTOS 
insulated wire 
is unequalled— 


for use in the manufacture and 


No thicker repair of coils for traction, 


diame cette, mining and mill motors; lift- 


buses. This reserve is always avail- ing magnets and all apparatus 

able to operate the powerful braking covered subject to severe temperature 

system, even when the electric supply wire—yet rises. 

is interrupted—for instance when the inoudased aiid 

trolley poles are removed from the é ithstands a test pressure of 
overhead wire. with pure 1,000 Volts between turns after 

Asbestos long period working up to 

This feature, the ease of operation, the Fibre! 200° C. (392° F.) 

rapid response, and the powerful action : 

constitute a braking system ideally LEWBESTOS insulation is a 


pure Asbestos Fibre Insulation 
specially treated to remove all 
impurities, and it is moisture- 
proof and tough, but in spite 
of its toughness it will not crack 
or break on sharp bends. 


‘WBESTOS 


BRE INSULATION 


suitable for trolley buses. 


Write for our booklet D.P. 13 for full particulars. 


The Westinghouse Brake & Saxby 
Signal Co., Ltd. 
82, York Road, King’s Cross, London, N.1 
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“BAKELAQUE” INSULATION 


Highest Grade BAKELITE Having LOWEST POWER 
losses and the HIGHEST ELECTRIC STRENGTH 
VALUES KNOWN. 

We have produced an Improved Synthetic Resin at our Riverside Works, which 
we describe as Number F.818. Tests made September, 1932, by the Metropolitan- 
Vickers Research Department, Manchester, on tubes made up by them show the 


following result :— 
Wall In Oil at 25° C. le Oi! at 90° C 


1.D. Thickness. k.V. v/mil. k.V v/mil. 
TUBES 1" 0.126 95 754 72 572 
2° 0.128 61 476 63 492 
Dielectric losses after soaking in oil for 2 days at 40° to 90° C. 
Results obtained at 90° C, 
Applied k.V. Stress. Capacitance m.m.f. Tan d. S.1.K. 
Ss 1723 0.027 3.7 
10 1723 0.027 ¥ 


We shall be pleased to receive enquiries for: 


VARNISH, VARNISHED PAPER, TUBES and settles 


Made up from above. 
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A Section of the Exhibits. 
4,000 amp., 2,200 kW. Heavy Duty Rectifier Reversing Blooming- Mill Motor. Peak output 
Equipment on test. The largest Unit so far 18,000 B.H.P.. for the South African Tron and 
constructed in Great Britain. Steel Industrial Corporation. 
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EDITORIAL. 


The Exhibition of Mercury Arc Recti- 
fiers and other new developments at the 
Company’s Stafford Works at the begin- 
ning of November proved a noteworthy 
success. Over seven hundred responsible 
representatives of the industries and pub- 
lic services of the country were enabled 
to examine a concentration of the newest 
type of electrical machinery and apparatus 
under ideal conditions for obtaining full 
insight into every detail that interested 
them ; and it has been gratifying to learn 
from many directions how much our visi- 
tors appreciated the service which the 


Company sought to render them. 


The following pages are devoted toa 


survey of the principal exhibits, with 
particular reference to the Grid Control 
of Mercury-Are Rectifiers, in the hope 
that this issue of our Journal will provide 
information concerning the various 
developments for those who could not 


visit the Exhibition. 
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Two PREss APPRECIATIONS. 
From “ THE ENGINEER ”: 

‘““ All who journeyed to Stafford were 
amply repaid for their trouble. Never 
has any firm brought a better or more 
up-to-date collection of electrical plant to 
the notice of visitors, or taken greater 
pains to explain the principles of things 
with which, perhaps, the average electrical 
engineer is at present none too familiar. 
Developments in various fields of electrical 
engineering are not always immediately 
appreciated or properly understood by all 
engaged in the industry. But demonstra- 
tions such as those that were given at the 
English Electric Company’s works last 
week are a great help to engineers seeking 
enlightenment. For the most part inspec- 
tions of electrical works do not arouse 
great enthusiasm in people who are fre- 
quently inspecting them. The manufac- 
ture of standard machines and apparatus 
does not prove very exciting to those 
familiar with the processes involved ; but 
when a firm sets out to throw light on the 
methods 


applications of such modern things as 


of construction and _ possible 
rectifiers, a visit to its works is well worth 
while.” 
From ‘‘ THE ELECTRICAL TIMES”: 
‘The one outstanding impression of 
visit to the Stafford Works of the 
English Electric Co., Ltd., last week, is 
the revitalisation 


our 


of that concern as a 
potent live force in the electrical industry. 
That implies nothing derogatory to its 
On the 
English Electric equipments have always, 


past achievements. contrary, 


and deservedly, ranked high among en- 
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gineering products. But electrical engin- 
eering practice is constantly progressing 
and changing. The problems and con- 
ditions of to-day are different from those 
of the past, and will assuredly change 
still more in the future. It is the manner 
in which the English Electric Co. has 
faced up to this new orientation that is 
so impressive. A wealth of new ideas, 
new plant, new solutions to old and new 


problems was evident on every hand 


during our visit to Stafford. Large sums 
of money have been spent freely on these 
all of which 


many developments, are 


under the control of specialists. These 
are the sure foundations of the enhanced 
prestige and future prosperity of the 
company.” 
“ The 
rectifier, in fact, opens up so many possi- 
that 


needed to warn us that in a few years 


grid-controlled mercury-arc 


bilities very little imagination is 
hence it may practically control the whole 
process of handling electricity after it 
After all, is it not 
the thermionic valve, except that it has 


leaves the generator. 


a mercury atmosphere and one or two 
Only a little while 
ago the thing was in the air, it was meat 


special adaptations ? 
for discussion by the professors. To day 
half-a-dozen firms are making it, it has 
already become a commercial article up 
to about 5,000 kilowatts and its capacity 
The 


the English Electric Co. in this respect is 


will surely be enlarged. work of 


particularly encouraging; they have 
taken up the new idea with a spirit of 
thoroughness that will lead on’to great 


things in the near future.” 
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Manufacture of “English Electric ” 
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Mercury-Arc 


Rectifiers at Stafford Works. 





1,000 amp., 500/750 kW., Rectifiers completed in Rectifier Assembly Department. 


The Mercury-are Rectifier has been the subject 
of a comprehensive article in a previous issue of 
this journal*, and it is not proposed to enter here 
into the construction and operation of this 
apparatus. The demonstration of recent develop- 
ments in grid control of mercury-are rectifiers, 
and the progress made at Stafford Works in the 
production of ‘‘ English Electric ’’ rectifiers was 
one of the main objects of the Exhibition. 

The principles and applications of grid control 
are dealt with fully in the subsequent pages. 

It is, however, of interest to emphasise the 


special features of the ‘‘ English Electric’ 
design. These are :— 
1. Particularly effective and mechanically 


sound form of vacuum seal without the use of 
mercury. 
2. Special precautions taken to obviate * back 
fires,’ and to render them harmless if they 
occur. 

3. Can be put on load immediately from cold 
condition. 

4. Simple and reliable ignition and excitation 
system. 

5. Efficient cooling system economises water. 

6. Every detail of rectifier and its auxiliaries 
carefully developed to a high stage of perfection. 
easily transportable 


7. Self-contained and 


unit with all auxiliaries readily accessible. 


* See Vol. Vis No. 7, page 161. 
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Mercury-Are Rectifier Equipment for W« Output 500kW. at 500/550 volts D.C. 





Glass Bulb Rectifier Equipment. Output 300 amps. at 220 volts D.C., or_up to 500 volts D.C. 
with suitable Transformer. 

























Elements are fully p ec wets 4 Grill heat evenly distributed 
plug-in type. 4 ma. * ee : > © at all switch positions. 
Lagging space sealed ~ \S a ( => All-enamel finish. 


steam and moisture. ~. Clear reading thermometer. 
Full width hot cupboa 

















Oven has side and 
bottom heating. 


Clean lines and 
smooth exterior. 


\ Complete at an 
inclusive price. 


GLISH ELECTRIC COMPANY LTD. 


OMESTIC, HEATING & COOKING APPLIANCE WORKS, BRADFORI 


PRIN | EL 
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Grid Control 


It was only natural that the similarity between 
the mercury arc rectifier and the thermionic valve 
should lead to attempts to apply to the rectifier 
those principles of control which had made the 
valve so perfect a device for radio transmission. 
The success that has attended the research work 
in this direction, together with the satisfactory 
development of the are rectifier as a_ reliable 
apparatus, out so many fields that 
there is a that the grid-controlled 
rectifier will in a few years revolutionise heavy- 
current electrical engineéring. 

Grid control of the are rectifier permits voltage 
regulation without the use of extraneous devices 


opens new 


prospect 


such as the on-load tap changer or the induction 
regulator, and enables rectifier equipment to act 


as a frequency converter. It renders inverted 
operation possible and thus lends new interest to 
the generation and transmission of direct-current 
at very high pressures. It also provides a means 
of using the rectifier for rupturing heavy power 
circuits in a simple and reliable manner without 
this duty. 


the operation of 


depending upon circuit-breakers for 
As in the thermionic valve, 
the mercury 


means of grids placed between the anodes and the 


are rectifier can be controlled by 
but the action of the grid is different 
In the valve the 


emission between anode and cathode takes place 


cathode, 
in the two classes of apparatus. 


in space that is essentially free from gas or vapour, 


and the grid valve behaves like a_ variable 


resistance. In the are rectifier, however, ionised 
mercury vapour is present and, consequently, the 
grid cannot influence the magnitude of the current 
flowing, but only the conditions which determine 
the at the This 
behaviour is of the are 


it from 


formation of an anode. 


characteristic 


are 
vapour 
discharge and_ differentiates vacuum 
electron discharge; the 


mercury vapour provides a medium having high 


presence of ionised 
current-conducting qualities, but its heavy space 
charge neutralises the effect of the grid at an 
anode when the are has become established there. 

The important advantage of adding grids to 
a mercury are rectifier is that they give control 
of the phase point in the anode voltage cycle at 


of Mercury 


6l 





; ih ° Po 
Arc-Rectifiers. 
which the are discharge commences. Once the 
are is established the grid exerts no influence on 
it and current continues to flow until the anode 
voltage falls to zero. 

The application of grid control is associated 
the rectifier 
since the control of the are is a voltage phenom- 
and the amount of 
the brief 
impulse is extremely 


with negligible additional loss in 


enon grid current flowing 


during interval of positive potential 


small. The power con- 
sumption of the grid control apparatus for a 
1,000 kW. steel-tank rectifier, 
of the order of a few hundred watts, which covers 


for example, is 


both the energy requirements of the grids them- 
selves and the power necessary to drive the dis- 


mechanism. 


tributor 
















































































Fig. 1. 


grid-controlled steel-tank mercury arc rectifier rated 


Section through an “ English Electric” 


at 2,500 amperes at D.C. pressures up to 800 volts. 











INTERRUPTION OF CURRENT BY 
Grip EXCITATION, 

An extremely valuable characteristic which 
can be given to a grid-controlled rectifier is that of 
interrupting the current on the D.C. side without 
mechanical interruption of either the A.C. supply 
or the D.C. If a negative potential is 
suddenly applied to all the grids the are can no 


circuit. 


longer commence to pass from any anode, the 
normal commutation of the are from anode to 
anode ceases, and the rectifier becomes its own 
circuit-breaker. High-speed circuit-breakers on 
the D.C. side and oil-breakers of large rupturing 
capacity on the A.C. side are no longer essential. 
This important feature of grid control has been 
successfully applied to rectifiers for supplying 
high-voltage direct current to broadcast trans- 
mitters and recently also to heavy-duty traction 
rectifiers. The arrangement commonly adopted 
is shown in Fig. 4(a). A special high-speed relay 
operating in less than a milli-second is actuated 
by the load current, and in the event of a sudden 
overload or a back-fire- the relay closes and gives 
the grid situated in front of each anode a potential 


4664 
Neg 
Male... whats 























Fig, 2. 1,000-ampere Grid-controlled Rectifier. 
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Fig. 3. 
supplying 


700kW. Grid-controlled Rectifier Equipment 


direct-current at 12,000 
transmission. 


volts for radio 


which is negative with respect to the cathode. 
The are which exists at that instant from any 
anode will continue until the end of the half cycle 
of voltage, but the next anode will be prevented 
from firing ; the current in one transformer phase 
will fall to zero and current flow from the 
phase will be prevented. Fig. 4(b) illustrates the 
rapidity of the circuit interruption in the case of 
an 800-volt traction rectifier. 


next 


However powerful the arc, the circuit will be 
interrupted, and the entire absence of mechanical 
parts ensures a considerable reduction in the time 
taken to clear a fault or a back-fire ; this time is 
usually less than a cycle of primary frequency. 
The tendency to back-fire in a grid-controlled 
rectifier equipped in this way is very much less 
than in the case of a rectifier not so controlled. 
Moreover, suitable apparatus can be provided to 
energise the control grids to the same potential 
in the event of a back-fire commencing and to 
limit the duration of the back-fire to less than a 
cycle ; this apparatus is of a simple nature and may 
be operated from the A.C. side of the rectifier 
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Fig. 4a. Interruption of Current by Grid Excitation. 
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Fig. 4b. Oscillogram illustrating rapidity of interruption 


by Grid control, 
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VOLTAGE REGULATION. 


The possibility of grid control of the mercury 
Cooper Hewitt 
at the beginning of the present century and he 
indicated the 


are rectifier was recognised by 


even methods of controlling the 
grids for the purpose of varying the rectifier 
voltage. These methods are based on the funda- 
mental consideration that the average value of 
the rectifier voltage depends upon the phase 
position in the positive half-cycle of anode voltage 
at which the are passes from one anode to the next. 
is the 
value of the D.C. output voltage from 
This 
diagram shows the theoretical wave form of volt- 
practice the resultant 
smoothed out by the 


The later this phase position the lower 
average 
the rectifier, 


as may be seen from Fig. 5. 


age, but in curves are 
considerably inductance 
of the circuit, and with the aid of suitable smoothing 


equipment can be made practically as good as 
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V=ico’s 
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Variation of average D.C. voltage with phase 
angle of anode commutation. 


Fig. 35. 
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Fig. 6. Oscillograms of Rectifier operating at Reduced 
Voltage by Grid Control. fF i 2604 /= 615A 


With complete Smoothing Equipment. 
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Fig. 7. Equipment for controlling'grid excitation of variable-voltage rectifier. 
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the voltage wave of an ordinary converter, as 
shown in Fig. 6. 

The method of control most commonly employed 
is to maintain the grids normally at a negative 
potential, thereby preventing the establishment 
of the current arc, and to apply momentarily a 
positive potential impulse to each grid in succession. 
Voltage variation as illustrated in Fig. 5 is then 
obtained by altering the phase relationship of 
these potential impulses with respect to their 
corresponding anode voltages. The impulses may 
be derived either from a battery in conjunction 
with a synchronously driven distributor (Fig. 7) 
or from a special impulse generator, i.e., an 
alternator delivering a polyphase voltage having 
a peaked wave-form. Where a 
employed the requisite phase displacement of the 
potential impulses is obtained by adjusting the 
angular position of the rocker supporting the 
distributor segments. In the case of the peaky 
voltage alternator the field system of the motor is 
brought out to sliprings, the brushes of which are 
connected to a special phase-shifting regulator. 

By virtue of its control grids the mercury are 
rectifier, therefore, provides a simple means of con- 
trolling the speed of large D.C. motors ; in a similar 
way grid-control can give traction rectifiers a level- 


distributor is 


compound, or even anover-compound characteristic. 


INVERSION OF DirEcT TO ALTERNATING CURRENT. 

There are many applications of the mercury 
are rectifier where it is important that the equip- 
ment should render possible a return of energy 
from the D.C. system to the A.C. supply. On 
first consideration of this requirement the rectifier 
appears to present great difficulties because it is 
fundamentally a device which permits current to 
flow in one direction only, and the conception of 
energy regeneration is usually bound up with the 
idea of current reversal. If, however, electrical 
energy is considered as the product of current and 
voltage it is clear that a reversal of energy flow 
can be brought about by reversing the voltage 
while the current continues to flow in the same 
direction. In the of the mercury arc 
rectifier, therefore, energy return is 
current from the D.C. side can pass through the 
instants at which the 


case 
possible if 


rectifier anodes at those 


This 


connections to 


anode voltages are negative. necessitates 
the reversal of the the D.C. 
system, together with the use of grid control to 
one anode 


effect commutation of the are from 


to the next. 

The conditions in this case may be understood 
by referring to Fig. 8. The upper diagram 
illustrates the operation of a rectifier as a con- 
vertor and shows one phase of the transformer 
secondary winding delivering an anode voltage E, 
between the neutral point O and the anode ter- 
minal A. This voltage has to overcome the are 
drop e in the rectifier and the counter E.M.F. 
V of the D.C. circuit before it can drive a current 
| through the circuit. During those portions of 
the anode voltage cycle in which E, is increasing 
the current [| the other circuit 
voltages V and e remain unchanged, so that there 


increases since 


is no tendency for the current are to transfer to 
the next anode. Only when the anode voltage E,, 
and therewith the rectifier current I, commences 
to decrease and the voltage E, of the next anode 
to increase, does the arc commutate 
from anode | to anode 2. Commutation takes 
place at the instant corresponding to the point 


commences 


of intersection of the anode voltages E, and E,. 
When energy return is required from the D.C. 
side, through the rectifier to the A.C. side the 
voltage conditions are as shown in the lower 
diagram of Fig. 8. The rectifier current I must 
maintain its direction, and the connections to the 
D.C. circuit must be changed over. The direc- 
tion of the circuit voltages V and e must remain 
unchanged, but the direction of the anode voltage 
E, must now be opposed to that of the current I. 


The combined voltages E, and e have now to 
be overcome by the D.C. circuit voltage V_ before 


current can be made to flow through the rectifier. 
The operation of the rectifier in this case is shown 
by the lower diagram of Fig. 8 and it is seen 
that the positive pole of the D.C. supply is 
now connected to the 
rectifier transformer, instead of to the 
of the rectifier. In other words when it is 
desired to invert D.C. to A.C. by 
rectifier it is necessary to reverse the polarity of 
the D.C. circuit in addition to reversing the grid 
Referring to the diagram it is seen that 


neutral point of the 


cathode 


means of a 


control. 
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in this case the current I decreases as 
the value of E, becomes more negative, 
and increases as E, becomes less 
negative, which is the reverse of the 
conditions applying to the conversion 
of A.C. to D.C. in the rectifier. 
When transmitting power in either 
direction through the rectifier, stable 
operation can only be achieved if the 
current 





are commutates from one 
anode to the next at an instant when 
the anode carrying the decreasing 
current is at a lower potential than 


the next anode in the sequence. 
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Fig. 8. 


behaviour of Rectifier when con- 


Diagrams illustrating 












A.C. to D.C. 
when inverting D.C. to A.C. 


verting from and 














In other words commutation is only 
possible at instants when the potential 
difference between the anodes is in 
the requisite direction to effect the 


current transfer. During the con- 











version of alternating to direct current 
this occurs naturally as a consequence 
When 
the rectifier is operating as an invertor, 
however, the 
anode voltage, which now constitutes 
the back E.M.F. of the circuit, is 
utilised to cause the decrease in current 





of the anode voltage sequence. 


negatively increasing 





which precedes commutation. The arc 

is extinguished at anode 1, for example, as soon 
as the anode voltage E, attains the same value 
as the reversed voltage V of the D.C. circuit 
At this instant anode 2 
is still at a relatively higher potential so that 
commutation can be effected by momentarily 
applying a positive potential to its grid, which 
is, of course, normally negative. 


less the are drop e. 


Anode 2 now 
carries the current which decreases similarly. 
In the meantime the voltage E, of anode 1 
reaches and passes its negative maximum and 
then again attains the same value as_ the re- 
versed voltage V of the D.C. circuit less the are 
drop e. At this instant there is a tendency for 
the are to transfer back again to anode 1 as the 
relative voltage is in the direction requisite to 
such transfer. It is prevented, however, by the 
fact that the grid of anode 1 is normally main- 
tained at negative potential so that no are can 
be established. 

















From these considerations it will be appreciated 
that inversion is only possible with the aid of 
control grids. The grids are necessary to deter- 
mine the points of ignition, and later to apply a 
negative bias which effectively prevents the anode 
from picking up current at unsuitable parts of its 
voltage wave. 

Investigations have proved that inversion of 
direct to alternating current in the manner just 
described can be effected over the entire load and 
voltage range of the rectifier. By utilising the 
voltage regulating properties of grid control the 
average D.C. voltage can be varied even when 
the rectifier is operating as an invertor; thus 
the return of power from the D.C. side to the 
A.C, side can be effected down to zero voltage. 
In consequence of this, regeneration from a 
traction or other load can take place practically 
down to the standstill condition of the load. 
Many possible applications of this valuable 
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* D.C. and the other 





= rectifier inverts D.C. to 






































A.C. at the required 
frequency. Voltage and 
power regulation and, 
if required, regenera- 
tion are effected by 

the 
gear of 


\ 


means of grid 
the 
The 
current re- 
the 


control 


two rectifiers. 
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lower frequency trans- 

















Fig. 9. 


operation of large D.C. Mill Motor. 


feature are at once apparent, such as_ regen- 


erative braking on traction loads, and 
the control of large D.C. _ variable-speed 


motors on reversing drives. Fig. 9 shows 
diagrammatically an arrangement of two grid- 
controlled mercury are rectifiers to replace 


Ward-Leonard control for a large D.C. rolling 
mill motor. Rectifier A supplies direct current 
to the motor in the normal way, whilst rectifier 
B operating as an invertor, brakes the motor 
by regenerative action and having brought it to 
a standstill, runs it up to speed in the opposite 
direction. Rectifier A then 
invertor, stops the motor and reverses it again. 


operates as an 
Grid control of the mercury-are rectifier thus 
provides a simple and highly efficient means of 
operating heavy D.C. motors of this class. 


Static FREQUENCY CHANGING. 


An important type of service for which the 
grid-controlled rectifier is suitable is the frequency 
changing often required in this country, due to 
the standardization of a frequency of 50 cycles, 
and, on the continent, due to the supply of single- 
phase A.C. railway systems at 162 cycles. Fig. 10 
illustrates the application of grid-controlled recti- 
fiers to the conversion of three-phase A.C. at 
50 cycles to three-phase A.C. at 25 or 40 cycles 
in which one rectifier converts 50-cycle A.C. to 


Two Grid-controlled Rectifiers for variable-speed 


former are usually met 











by any synchronous 
machines connected to 
the 


system. 


lower frequency 

With the foregoing method of frequency changing 
the 50-cycle system operates at a power factor 
the which is 
characteristic of A.C. to D.C. working, and does 


corresponding to normal value 
not contribute to the supply of wattless current 
for the other system. The reason for this is that 
the D.C. circuit which constitutes the power link 
between the two rectifiers is of zero frequency and 
hence cannot carry an idle or wattless component 
of power. 

Static frequency changing arrangements which 
permit of the interchange of wattless power in 
addition to useful power are characterised by the 


absence of the D.C. power link between the 
rectifier systems. In other words the A.C. power 
systems are directly coupled as regards the 


transference of both effective and reactive power. 
Methods of this class employ two similar polyphase 
equipments connected up in accordance with the 
same general principle. 

Such an arrangement for converting three-phase 
alternating current at industrial frequencies, 50 
cycles for example, to single-phase alternating 
current at a lower frequency, such as 162 cycles 
for the supply of single-phase railways, is shown 
The 


system supplies a transformer with two secondary 


diagrammatically in Fig. 11. three-phase 


windings which in turn supply two six-phase 
grid-controlled rectifier systems in a single container 
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with a common cathode. Each 








rectifier system supplies one half of the 








secondary winding of a single-phase trans- 
former, the primary of which is connected 
to the single-phase A.C. system. The 
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grids are controlled in such a manner that 
the two rectifier systems operate alternately 
at a frequency equal to that of the single- 


phase system. In this way the lower 
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frequency transformer will deliver a single- 
phase alternating voltage, each half-wave 
being supplied from one rectifier system. 














Figs. 12a and 126 are oscillograms of the 


output and current from a 


frequency changer of this type. 


voltage 


























Fig. 12a 
refers to a motor load having a power 


factor of 0.95, whilst Fig. 12b refers 
to a purely inductive load. The Fig. 
oscillograms demonstrate quite clearly 
the ability of static frequency changers of 
this type to supply the reactive power 


requirements of the network 


directly from the higher frequency supply, and 


lower frequency 
vice versa. Finally, Fig. 13 shows the character- 
istics of such a frequency changer for two values 
of the single-phase output voltage. The power 
factor on the three-phase side is sensibly indepen- 
dent of load, as is to be expected with rectifier 
operation, and falls proportionately with the 
output voltage. It must be borne in mind, how- 
ever, that for a given load and voltage on the 
output (single-phase) side the power factor on the 
input (three-phase) side is influenced adversely by 
any wattless power which may have to be trans- 
mitted. 


Hicu-Tension Direct-CURRENT TRANSMISSION : 
INTERCONNECTION OF A.C. SYSTEMS. 

The application of grid control to the steel-tank 
rectifier has given an entirely fresh aspect to the 
question of transmitting power in the form of 
high-tension direct current. The linking up of 
large A.C. power systems has become a problem 
fraught with so many complications that there is 
growing interest in the view expressed by Lord 
Kelvin that the future of electrical engineering 
lies in direct current. In extensive transmission 
and distribution networks operating with alter- 

















10. Frequency changing by Grid-controlled Rectifiers. 


nating current at high-voltage, factors of system 
stability and system protection necessitate costly 
and The 


in transmitting large 


compensating stations. 
difficulties 
blocks of A.C. power over long distances have 
become so great that the advent of the grid- 
controlled rectifier is likely to give a new impetus 


switching 
encountered 


to D.C. transmission. 


As is well known, load division between 
stations in an interconnected D.C. system can 
be entirely controlled by adjustment of the 
individual station voltages. In the case of 


A.C, systems on the other hand, the flow of power 
can only be controlled by phase adjustment : 
alteration in voltage only modifies the distribution 
of the currents circulating throughout the system. 
Apart 
fundamental difference between the two methods 
of link 


between two A.C. power systems has the great 


from the advantage arising from this 


power transmission, a _ direct-current 
advantage that parallel operation is simplified, 
synchronising is done away with, whilst circuit- 
breakers of large rupturing capacity on the high- 
voltage side are no longer necessary. 

Fig. 14 illustrates diagrammatically an arrange- 
ment including grid-controlled rectifiers for inter- 


connecting two A.C. power systems, in, which 
a direct-current circuit constitutes the power 
By appropriate adjustment of the grid 


link. 
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control gear in the two rectifier stations power 
the D.C. inter- 
connector in either direction, one rectifier station 


can be transmitted through 
converting A.C. to D.C. and the other inverting 
D.C. to A.C. 


of this nature is only economical when the 


It is obvious that an arrangement 


voltage at which power is interchanged through 
of the order of 100,000 volts. 
For this reason attention has been paid to the 


the link is high, i.e., 


development of high voltage steel-tank rectifiers. 
Here, again, an influencing of the are discharge 
by means of grids has been instrumental in 
D.C. 
volts from a single mercury-are 


attaining high voltages. <A 


pressure of 30,000 


operating 
rectifier unit was achieved over a year ago and 
that the same design can be 
50,000 volts. It is, therefore, 
not unlikely that high tension rectifier units 


tests have shown 
utilised to attain 


operating at 100,000 volts D.C. will be developed 
commercially during the next few years. 
PossIBLE FuTuURE DEVELOPMENTS. 

The foregoing review of what can be accom- 
plished with grid-controlled mercury-arc rectifiers 
has been limited to applications which have proved 
successful and of which many have reached the 
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(a) On Motor-load of 0.95 Power Factor. 








(b) On highly inductive load. 
E =Voltage wave. J, =Current wave. 


Figs. 12a d& 12b. 


as 


Oscillograms from Frequency Changer 


Fig. 11. 


shown in 
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commercial stage. At the same 
time, certain features in the 
application of such rectifiers may 
become of more importance in 
the future. Referring to Fig. 10 
it will be appreciated that the 
frequencies of the two A.C. 
systems are quite independent of 
each other. Furthermore, vacuum 
rectifying devices are in them- 
selves independent of frequency, 
so that the frequency at which 
the A.C. systems operate has 
neither upper nor lower limit. In 
the case of vapour-are discharge 
devices, however, such as the 
mercury-arce rectifier, there is an 
upper limit to the frequency on 
account of the presence of vapour 
in the discharge path, necessi- 
tating a certain time for commu- 
tation and de-ionisation to take 
place. The upper limit of 
frequency for the mercury-are 
rectifier lies between about 2,000 
and 5,000 cycles per second. Grid 
controlled steel-tank rectifiers 
can therefore find a _ practical 
application to “upward” fre- 
quency changing in the supply of 
high-frequency electric furnaces 
which generally operate at 
frequencies of from 500 to 2,000 
cycles. 

Again, the system of static fre- 
quency changing depicted in Fig. 
1] is, of course, equally applicable 
to the conversion of three-phase 
A.C. of 50 cycles to three-phase 
A.C. of, say, 25-cycles. The same 
method may also be employed 
for the speed regulation of large 
induction motors, as the slip 
energy of the rotor circuit can be 
returned directly to the stator cir- 
cuit without incurring the losses 
and complication associated with 
Krimer or Scherbius control. 
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Fiy. 14. Grid-controlled Rectifiers interconnecting 
A ©. systems hy D.C. link. 
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Recooler for Closed Water Circuit Mercury-Arc 
Rectifier. 


— 





Rectifier with Re cooler equipment. 


‘English Electric’ steel-tank rectifiers are 
equipped with a temperature control device 


which ensures that the quantity of cooling water 
used is reduced to the minimum that is consistent 
with economical operation, and a low consumption 
of water is characteristic of the design. In cases 
where water economy is specially important or 
the available supply has unsuitable properties, 
a closed water circuit can be provided, so that 
the cooling system contains at all times pure air- 
free water, and the heat is abstracted in a recooler. 

Any of the usual methods of heat withdrawal 
can be applied, the simplest being a tubular 
cooler and a supply of water of a kind that is 
When 
such a supply is not available, air-blast cooling 
is a The 


unsuitable for use in the rectifier itself. 


satisfactory alternative. air-blast 


recooler, seen above, in operation at Stafford 
Works is capable of dissipating 80,000 British 
Thermal Units Approximately 665 


gallons of water per hour are circulated through 


per hour. 


the cooler at an inlet temperature of 45°C. 
and an outlet temperature of 38.5°C., based 
on an air temperature of 20°C. at the inlet 


to the fan. 
by a three-quarter H.P. motor-driven pump that 


Circulation of the water is produced 


is capable of performing this duty against a total 
loss of head of 40 to 50 ft. The air-blast fan is 
driven by a motor of the same capacity. 
Automatic control of the recooler is effected 
by a contact-making thermometer in the pipe-line 
by means of which the fan motor is started or 
stopped at predetermined temperatures of the 
cooling water at the outlet from the rectifier. 
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Demonstrations of Grid Control. 





Demonstration and Research Equipment for Grid Control of Mercury Arc-Rectifiers. 
query d y 


The 


during the Exhibition to demonstrate the remark- 


apparatus illustrated above was used 


able power of control that can be obtained by 
applying potential to anode grids in a mercury- 
are rectifier, and to illustrate some of the prac- 
tical rendered such 


application possible by 


control. The apparatus comprises two small 
the 


diagram by the white discs. The rectifiers can be 


six-phase rectifiers, indicated in circuit 
connected to the banks of lamps in the centre of 
the board, or, alternatively, to the D.C. motor, 
seen in the centre, which is separately excited. 
On the left of the apparatus are the contact- 
making devices, driven by a synchronous motor, 
for controlling the application of potential to the 


grids. 


Experiments were conducted to show :— 
1. The action of the control grids on the are. 
2. The use of the grids for interrupting the 
current, and so enabling the rectifier to act as its 
own circuit breaker. 

3. The smooth variation of voltage in the 
D.C. system by grid control. 

4. Motor speed control and regeneration. 

5. The control a 
reversing motor, as a substitute for the Ward- 
Leonard system. 


use of two rectifiers to 


6. The use of grid-controlled rectifiers as a 
D.C. link between two A.C. systems, controlling 
the flow of power in either direction. 

7. The generation of Sine-shaped ‘Voltage 
waves at any frequency. 

8. Frequency changing. 
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Electrostatic Precipitation Plant with “English 


Electric” 


The removal of suspended particles from large 
volumes of gases is one of the major problems at 
the present day in many industries whose pro- 
cesses involve chemical reactions of 
Of the various systems 
proposed and adopted for cleaning gases electro- 
static precipitation is now looked upon as the 
most efficient 


widely 


varying characters. 


and economical. Equipment of 
this kind comprises two main elements, the gas- 
treating unit, and the apparatus for producing 
the necessary high-tension electric discharge. 

In collaboration with the Whessoe Foundry 
& Engineering Company Limited, who have 
specialised in the development of apparatus for 
fog and mist extraction, the English Electric 
Company has designed high-tension direct-current 
dynamos which mark an important advance in 
These units are 
suitable for pressures of up to 45,000 volts, or 
even higher if required. 


this section of the equipment. 


In conjunction with 
these plants, an improved method has been 
evolved for the insulation of the high-tension 
leads, as a result of which breakdown troubles 
at this point have been 
practically eliminated. 
The design of these 
based 


generators is on 


the unique experience of 


Fig. 

“ English Electric” 

H.T. D.C. Generating 
Unit, used with 


High-Tension Direct-Current Generators. 


pressure of from 40 to 45 kV. and such a unit 
would consist of a driving motor to suit the local 
supply, coupled to three generators connected 
in series. The frames of the generators are in- 
sulated from earth by individual supports of 
solid porcelain, and the shaft of each is insulated 
The 


whole of the high-tension apparatus is enclosed 


from its neighbour by a suitable coupling. 


by screens which separate it from the driving 
motor and prevent unauthorised access. A simple 
interlock on the door renders it impossible for 
anyone to enter the high-tension compartment 
while the generators are running. As a further 
precaution all high-tension parts are connected 
to earth when the set is at standstill. 

Hach generator is constructed in accordance 
with the English Electric Company’s patented 
system which enables high voltages to be devel- 
oped without abnormal voltage stresses on any 
part of the insulation. Each generator has two 
high-tension commutators connected to separate 
windings, and the commutators are connected 


in series with an intermediate connection to the 


Cob/e Sealingéna. 
1. Specral protection of 
lead: in /asulofor 
aganst decosi: 





The English Electric ‘** Whessoe”’ Electro- | 
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power transmission, and 
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radio transmission 
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frame at the mid-potential point. An outstand- 
ing feature of the system is its ability to with- 
stand dead short-circuit without flash-over. On 
such an occurrence the field falls away rapidly 
and no damage occurs to the windings or to the 
commutator. If the external arcing fault is 
cleared by the fall in voltage, the machines will 
again build up their voltage automatically. A 
sustained short-circuit will cause the overload 
relay on the motor to come into operation. 

In the model precipitation equipment (Fig. 2), 
seen at the Exhibition, smoke-laden air was 
drawn into the lower chamber. Suspended down 
the axis of each earthed tube is a wire charged at 
15,000 volts by the special D.C. generator. The 
air in the upper chamber was purified, and the 
suspended matter precipitated by electrostatic 
action and deposited in the lower chamber. 
ADVANTAGES OF “ ENGLISH ELEcTRIC ” HiGH- 

Tension D.C. PRECIPITATION GENERATORS. 

1. The elimination of arcing air gaps. 

2. All control carried out on the low-tension 
supply. 

3. All high-tension insulators easily accessible 
for cleaning. 

4. Simple regulation of voltage. 

5. Automatic clearing of temporary short- 
circuits in precipitation chambers. ; 

6. Nojinterference with communication cireuits. 2, | Mov of Previpitaion Bawipmnt Oy the, Were 

7. Simple and quiet operation. “ — Blectric”? 15,000 volt D.C. Generator. 





160 H.P. D.C. 
Traction Motor for 
the Danish State 

Railways. 

The heavy duty steel 
pinion is an * English 
Electric”? product, being 
cut, ground, and finished 


in the Company’s works. 
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“English Electric” High-Speed Diesel Engines. 





200 H.P., 1,500 r.p.m. 6-cylinder Diesel-Electric Traction Unit. 
Fuel pump side. 


Following the successful production for over 
thirty years of Diesel engines, including the 
Fullagar opposed-piston engine which has been 
constructed in sizes up to 2,500 h.p., the Company 
has now developed engines of this type to run 
at much higher speeds, with outputs suitable for 
general industrial and _ traction applications. 
These engines are produced at the Company’s 
Prime-Mover Works at Rugby, where steam 
turbine plant of all sizes and large water turbines 
are manufactured also. 


The engine seen at Stafford Works coupled to 
a generator to form a self-contained Diesel- 
electric for traction purposes, 


develops 200 h.p. when running at 1,500 r.p.m. 


combination 


It is of the airless injection type working on the 
usual four-stroke cycle, and is fitted with Bosch 
fuel pumps and injectors. The fuel consumption 
is unusually low, namely, 0.38 and 0.40 lbs. of 
fuel per B.H.P. per hour at full load, and three- 
quarter load respectively. 

Fabricated steel construction has been em- 
ployed for the lower half of the crank case, which 


forms the bedplate, whilst the upper half is of 


cast steel. The pistons are of aluminium alloy 


with floating-type gudgeon pins of nitralloy 
steel. Cast iron is used for the cylinder heads 


and liners. 

The generator is a separately excited decom- 
pounded machine conforming with the ratings 
laid down in the British Standard Specification 
for It has 
rating of 135 kW. and a maximum voltage of 
870. A special feature of this Diesel-electric 
set is the three-point method of support. The 
two transverse bearings at the generator end are 


traction machines. a continuous 


designed as trunnions, whilst the support at the 
engine end has provision for sliding and thus 
taking up movement resulting from expansion 
and contraction. 


The corresponding line of high-speed Diesel 
engines for industrial purposes is based on a 
cylinder line giving an output of 50 h.p. at 
600 r.p.m., and the engines can be supplied in 
units having from three to eight cranks. In 
this case fabricated construction has been adopted 
to the maximum possible extent with a resultant 
saving in weight and dimensions. 
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18,000 H.P. (Peak) Re 
Material for the 
African [ron and Stee 


This important contract comprises the whole 
of the electrical equipment for the main drives, 


together with a large quantity of substation 
equipment. The main items are as follows :— 


Two — 11,000-volt Metalclad Switchboards 
each equipment having a rupturing 
capacity of 350,000-kVA. 

Two — 5,000-kVA. Transformers to feed 
the large Motors at 3,300 volts. 

Four — 2,000-kVA. Auxiliary Power Trans- 
formers to feed all auxiliaries at 
380 volts A.C. 

Blooming Mill Installation consisting of a 
reversing mill equipment to give a 
peak power of 18,000 H.P. at 80 r.p.m. 





je Sag 


. ae 
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yersing Mill Motor and other 
Pe Steel Works of the South 
| Industrial Corporation. 


and a speed variation from zero to 
plus and minus 180 r.p.m. complete 
with :— 

Variable-voltage motor-generator Ilgner set 
and exciter set. 

Bar Mill Equipment comprising :— 

5 — D.C. motors, two of 2,200 H.P.; 
two of 450 H.P. and one of 250 H.P., 
with Ward Leonard starting and speed 
variation by shunt regulation with 
special control gear, 


1 —- Synchronous motor generator set, 
One — 3,300-volt Switchboard, 
Two — 380-volt auxiliary Switchboards, 
Four — 1,250-kW. Rotary Converters, 


Fig. 1. 18,000 H.P. Blooming-Mill Motor on Test Bed. 
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Two — 440-volt D.C. auxiliary Switch boards, 
One — 250-kW Balancer Set, 
Four — 250 kVA. Lighting Transformers, 


Two — Lighting Switchboards, 

One — Special Shear Motor, 

Two — Special Reel Motors, 

Four — Auxiliary Reel Motors, 
together with all the necessary control gear and 
cabling, and the setting to work of the whole 
installation. 

Part of this gear has already been despatched 
in order to supply power for the constructional 
period on the steel works and the remainder 
is in course of construction in accordance with a 
programme of delivery requirements. 

The blooming mill motor shown on the test 
bed is of the single-armature forced-ventilated 
type. It is supplied from a flywheel motor- 
generator set which has an induction motor of 
4,200 H.P., three generators of 1,455 kW. normal 
output each, and a flywheel of 160,000 H.P. 
seconds, all rigidly coupled together and running 
The three 
generators are connected in series to give a maxi- 
mum pressure of 1,440 volts. 


at a maximum speed of 600 r.p.m. 


The blooming mill motor is 
i=) 


ad 74 
‘ 
ate 
'~ 


~ 


intended to drive a 3-stand re- 
versing mill with cogging, rough- 
ing and finishing housings for 
dealing with 2-ton ingots and 


turning out billets, various mer- 





chant bars, rails, ete. The 
somewhat high speed of the 
machine is due to the desire 
to finish off the long passes 


rapidly. 

As is well known the control 
of this type of plant is carried 
out on the fields of the machines, 
this these 
also are of rather large capacity 


and since, in case, 


a special exciter set is intro- 


duced so that the control gear 
actually has to deal only with 
the field currents of the exciters 
Pig. 2. 


and, therefore, is very simple 
. Motor. 


in construction. 
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The exciters are driven by a synchronous motor 
and, although the actual mechanical power is 
comparatively small, the synchronous motor has 
a leading power factor sufficient to give an 
overall power factor on the whole blooming mill 
set of .95 lagging at ? load. 

This mill motor has been designed so that it 
can be not only completely built and tested 
before despatch, but the armature can also be 
despatched in one piece with its shaft, and trans- 
ported on the South African Railways. 

The 


which is so very necessary in reversing mill 


machine is of the all-steel construction 
practice and an idea of the size may be obtained 
from the weight of the armature—about 55 tons. 
Owing to the comparatively slow speed forced 
ventilation is being adopted, the air being 
filtered through a self-cleaning viscous-type filter. 

In order to prevent creeping at no load the 
effective and simple method of displacing the 
compensating windings is employed, so as to 
give a slightly de-compounding effect which will 
wipe out any residual field in the generators if 
any current passes while the field controller is 
in the off position; this method obviates any 


complication of extra contacts or wiring. 





Ilgner Motor-Generator for 18,000 H.P. Reversing Blooming-Mill 
Induction Motor 4,200 H.P., 3,300 volts, 600 R.P.M., 3 Generators, 


4,365 kW. + 1,440 volts, 
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The three generators of the blooming mill 
motor-generator set are interchangeable, and as 
the large bar mill motors also require a motor- 
generator set the armatures of the generators 
of this set have also been made duplicates of 
those in the blooming mill motor-generator set ; 
the smaller bar mill motors are supplied from a 
separate generator which 
Ward Leonard control. 


gives independent 
The bar mill equipment is required at a rather 
in 
course of construction in various parts of the 


later date, and the machines will be noted 


works. 

The rotary shear and reel motors are in them- 
selves not very special, and will be of normal 
non-reversing, totally-enclosed steel works type, 
but the control is probably novel in that their 
speeds have to synchronise with two of the main 
of the this 
purpose use is made of the very effective and 


drive motors bar mill, and for 


simple speed-matching type of apparatus that 
has already been used in many paper mill installa- 


tions where speed matching is essential. 
This Sprep-MaTcHInG 


XQUIPMENT was on 
view, and the effect of changing load was seen 
to be exactly the same as_ occurs’ with 





of Mercury-Arc Rectifiers 





THE ENGLISH ELECTRIC JOURNAL 


that 
actually the only 
effect of the variation in load being that the 


a synchronous motor, namely, no 


difference in speed arises, 


relative angle of a motor with its respective 
master machine varies slightly. This was observed 
by means of a stroboscopic device. 

In order to provide adjustment of speed of 
these motors relative to their master machines, a 
variable-speed gear is introduced between the 
shear and reel motors and their special regulating 
apparatus. This will be of the enclosed Reeves 
type, but the set shown merely has ordinary cone 
pulleys to show the principle in a simple manner. 

Two of the rotary converters for this contract 
were seen on the test bed. They are designed 
to give 1,250 kW. each at 440/460 volts with a 
slightly leading power factor for corrective effect 
on the whole system. 

These machines run at 750 r.p.m., and are fitted 
The 


have solid-steel rotors of the Schenfer type, which 


with pony motor starting. pony motors 
give automatically the effect of a high resistance 
rotor on starting, and a low resistance rotor on 
synchronising, thus decreasing the starting current 
and enabling the rotor to pull into synchronism 
without difficulty. 





Ready for Assembly at Stafford Works. 
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Work in Progress 


at Stafford, during 


the Exhibition. 





Building the 
170 r.p.m. Alternator for Skinningrove 


Core of a 1,600 kVA, 
Iron Works. A complete frame approxi- 
mately 28 ft. in diameter can be seen on the 


boring mill in the background. 


One of three 12,000 volt D.C. Generators 
for the Western Regional Station of the 
British Broadcasting Corporation. 


Assembling a 20,000 kV A., 66kV. Trans- 
former for the Newcastle-on-Tyne Electric 
Supply Company. 


Stator for a 9,375 kV A., 11,000 volt Fre- 
quency Changer for North Tees. 


The slipring end of a 1,500 kW., 630 volt, 
500 rp.m. Rotary Converter for the 
London, Midland and 


Scottish Railway. 
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Recent Developments in Switchgear. 


In no department of electrical engineering has 
development been more active during recent years 
than in apparatus for the control and protection 
the English Electric 
Company has taken a leading part in designing 


of power circuits, and 
equipment adequate to meet the requirements 
imposed by modern conditions. Its metalclad 
switchgear forms a comprehensive range with 
rupturing capacities up to 1,000,000 kVA., and 
recently it has worked out the application of the 
Dr-1on Contact System to large oil breakers, 
in order still further to increase their capacity 
in this respect. Particulars of this system were 
given on page 40 of the previous ¢ssue of this 


Single-phase Circuit Breaker, Size OK D. 54, fitted with 
de-ion contacts. Outdoor type. Solenoid operated, 
Rupturing capacity 1,500,000 kV A, 





journal, and examples of its application to 
breakers of various types can be seen at Stafford 
Works ; these include an 132,000-volt outdoor- 
type breaker similar to those installed in a large 
number of the the Central 
Electricity Board for the control of their main 
‘Grid ” system, for which service they have a 
rated rupturing capacity of 1,500,000 kVA. 


substations of 


New types of main switchgear for distribution 


services, and the control of industrial loads 


include :— 
OIL-IMMERSED SWITCH 
RING 


FUSE WITH OR 


WITHOUT MaIn ISOLATORS. 


This apparatus was described in Vol. VI, No. 1 


of this journal. 


PILLARS FOR MINING 


SERVICE. 


FLAMEPROOF SWITCH 


These units were described in Vol. V, No. 8 of 
this journal. 


MeTALCLAD CrrcuITt-BREAKER UNIT WITH 


Drop-DOWN ISOLATION AND SENSITIVE TRIP. 


As an alternative to their standard draw-out 
metalclad switch units, the Company has now 
produced a lighter type of apparatus in which 
the isolation is of the drop-down design. Under 
certain conditions the drop-down construction is 
preferred by reason of its lower cost and great 
compactness. It is suitable for 
installations where floor space is limited and access 
cannot be obtained to the back of the pillars. 


particularly 


The drop-down type units are made in standard 
sizes rated at 200, 400 and 600 amperes for use 
on circuits up to 11,000-volts, 

Some of the special features of this apparatus 
are :— 

1. Small floor space required and suitability 
for mounting directly against a wall. 


2. Circuit-breakers are of the totally-enclosed 


type with all operating mechanism contained in 
the top plate. 
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3. All busbars and connections are insulated 
for full working voltage with tape wrapping. 

4. Current transformer chambers may be oil 
or compound filled if desired, but normally such 
filling is omitted to facilitate the changing of 
the transformers when desired. 

5. A full complement of interlocks is provided 
to ensure safety under all conditions. 

6. ‘* English Electric’? De-ion contacts can be 
fitted if required. 

7. All components requiring adjustment are 
mounted on the moving portion. 

8. Locking pins are provided for locking the 
moving portion, the ‘in service” and “ fully 
out ’’ positions. 

9. All parts are made on an _ interchange- 
ability basis. 

10. Complete protection of all isolating con- 
tacts when the moving portion is lowered, by 
metal shutters which come into position auto- 
matically and prevent contact or the entry of 
dust and vermin. 

Each unit consists of : 

1. A fixed portion comprising the framework, 
busbars, isolating devices and instrument trans- 
formers. 

2. A drop-down moving portion consisting of 
the oil-immersed circuit-breaker and its operating 
mechanism. 

Fabricated steel construction has been used 
extensively in the design, with resultant economy 
in weight and space. 


Or Crrevit-BREAKER UNIT witH ‘“ THERMAL- 


Trip’ PROTECTION. 


This design of oil-breaker has been developed 
to meet the demand for an economical substitute 
for the switch-fuse which will disconnect all three 
phases on the occurrence of a heavy overload or 
fault on any one phase. It can be used on 
systems up to 12,000 volts, and has a normal 
rating of 100 amperes. 

The breaker has a moving cross-bar for each 
phase and the three bars are mechanically con- 
nected so as to open and close together. A 
thermal tripping element is fitted on the cross- 
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bar of each phase, and is so arranged that under 
overload or fault conditions the operation of any 
element will trip the complete breaker. 

The tripping element comprises three principal 
parts : 

1. A bimetal unit of suitable section for the 
normal current, attached at one end to the trip- 
ping rod, and at the other end supported by— 

2. A bimetal compensating strip secured at 
one end to the circuit-breaker cross bar. 

3. Short-circuiting contacts for the trip 
elements, to short-circuit them after they have 
tripped, and thus protect them from damage on 
a severe fault. 

The bimetal strips are made from two qualities 
co-efficients of 


of sheet steel having different 


expansion. The compensating strip provides 
an automatic adjustment for changes in tempera- 
ture of the atmosphere or due to load conditions. 
The bimetal elements give an excellent inverse 
time characteristic so that on short-circuit con- 
ditions the trip is very rapid, whereas a consider- 
able time Jag occurs for small overloads. 

An automatic resetting device is incorporated 
so that after the switch has tripped, the catches 
are reset and the breaker can be reclosed by 
hand immediately the trip elements have cooled. 
A special feature of the construction is an arrange- 
ment whereby the complete moving portion can 
be lifted vertically through the cover for ex- 
amination of the tripping elements or alteration 
to their settings. The for this 
apparatus is interlocked with the switch oper- 


mechanism 
ating handle. The complete unit is arranged 
for floor mounting, and the usual cable boxes 
can be provided. 


HIGH-SPEED CURRENT LIMITER (BRANCHU 
SYSTEM). 


This apparatus represents the latest develop- 
ment of the special type of automatic switch 
that is used to protect feeders and substation 
plant, particularly on direct-current heavy 
traction systems, against severe short circuits. 
The comparatively small mass of the moving 
parts and the absence of large control forces 
produced by heavy springs, give extremely rapid 
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operation, and consequently a clean break with 
little deterioration of the contacts. 


Main Contact (Roller Type) 


A) 


Siding Contact Bar 








Single _— 
SAort Circuited 
furn 


Man Series Coil 


Limuting 


- pe tances 9 
A ia y, | 
et 


aie, 











“Ea 


(6) Open 





























(2) Closed 


The principal parts of the high-speed limiter 
are : : 

1. A magnetic system having an exciting wind- 
ing connected in the load circuit. 

2. A main contact of the roller type connected 
in the load circuit in series with the main ener- 
gising coil. 


3. A sliding contact bar forming part of a 
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short-circuited turn surrounding the core of the 
main magnetic circuit. 

The main roller contact (2) is coupled me- 
chanically to the sliding contact bar (3), and is 
held in the closed position by a light adjustable 
spring secured to the frame of the limiter. 

The principle of the operation of the limiter is 
indicated by the accompanying sketch, in which 
the heavy arrows indicate the flow of current 
When a short- 
circuit occurs the sudden rise of current in the 


under normal load conditions. 
main excitation winding causes a current to be 
induced in the short-circuited loop in the direc- 
tion indicated by the dotted This 
induced current flows through the sliding contact 


arrows. 


bar which therefore experiences an upward force 
due to the surrounding magnetic field. In moving 
upwards the contact bar carries with it the main 
roller contact, and thus opens the main circuit. 
After the main contact has opened, the limited 
current flows through the sliding contact bar in 
parallel with the remaining portion of the short- 
circuited loop, and the force now exerted upon 
the bar by the magnetic flux maintains it in the 
raised position against the pull of the closing 
spring, until such time as the current falls to a 
predetermined value, or is completely interrupted 
by the opening of an associated slow-speed 
breaker. 


Flameproof Switch- 
board, comprising 
Nine OLA2 Pillars, 
440 volts, 600 amps. 


Rupturing capacity 
75,000 kVA. 











THE ENGLISH ELECTRIC JOURNAL 


83 


Transforming Apparatus. 


The Company's range of transformers extends 
from instrument transformers of every type up 
to the largest units for operating on the 132,000- 
volt grid system of the Central Electricity Board. 

Amongst many special features incorporated 
in the large power units, 
the TAP-CHANGING 
EQuiIpMENT for which a design of a particularly 
successful 


perhaps the most 


interesting is ON-LOAD 
manufactured. <A 
typical example of such an equipment, which is 
to be seen in operation at Stafford Works, is one 
of a number under construction for 20,000 kVA.., 
66 kV., 3-phase transformers for the Newcastle- 
on-Tyne Electric Supply Co., in connection with 


type has been 


their new super power station at Dunston. 

The scheme of tap-changing necessitates tap- 
pings on the main transformer winding corre- 
sponding to half the number of voltages required, 
and mid- 
Connection between this auto-transformer 


an external auto-transformer with a 
point. 
and the tappings is made in various combinations 
by means of a selector switch and cam-operated 
contactors oil-filled 
chamber mounted on the side of the tank. 


contained in a_ separate 
There are three sets of contactors and three 
selector switches for a three-phase transformer ; 
the moving contacts of the selectors are mounted 
on a bakelised paper tube of large diameter, which 
passes through the three bakelised panels which 
carry the fixed contacts or studs. There are two 
moving contacts per phase, and these are arranged 
one on each side of the panel, so that they can 
make contact with the same fixed stud or two 
adjacent studs. Electrical connection to the 
contactors is made through fixed contact blocks 
bearing on brass ring-plates mounted on the 
rotating tube. The contactors are operated by 
two horizontal shafts actuated by a cam, and 
the selector switch shaft is rotated by a Geneva 
gear. These motions are spur 
gearing to the main operating shaft, which passes 
up to the motor-operating mechanism mounted 
above the selector switch and contactor chamber. 
The mid-point auto-transformers are mounted 
in a separate chamber below the main chamber. 


connected by 


This scheme of on-load tap-changing has the 


following advantages: (1) the main transformer 
winding is as simple as possible ; (2) there are no 
parallel circuits in the main winding ; (3) no part 


of this winding is overloaded during the tap- 


changing process; (4) the whole of the tap- 
changing gear and operating mechanism is 


external to the main transformer tank. 

DISTRIBUTION will, in the 
future, play an increasingly large part in the 
extension of supply facilities throughout the less 


The 


Company has therefore given special attention 


TRANSFORMERS 


densely populated areas of the country. 


to designing units for this purpose in which 
maximum operating economy is combined with 
minimum maintenance costs. The example of 
such a unit which is exhibited is of the type that 
has been standardised for pole mounting in con- 
nection with rural electrification. The object in 
view was to produce a transformer that would 
give the greatest possible reliability in service, 
and consequently an expansion vessel is provided. 
The necessity of ease of adjustment of voltage 
was realised, and a tapping switch is incorporated. 

The core and windings are provided with sub- 
of which are bars 
which locate the transformer in the tank. The 
tank cover is supported from the top frame ; it 
is arched and made of heavy steel plate, and is 
bolted to a heavy flange welded to the tank, so 


The 


H.V. and L.V. bushings are mounted in the cover, 


stantial frames, at each end 


that a thoroughly oil-tight joint is ensured. 


and they are designed so that it is possible to 
replace any of them without removing the cover. 
The tapping switch is of the three-phase drum 
type, mounted vertically close to the windings 
so that the tapping connections are very simple. 
It is operated by a small handle outside the tank 
cover and can be locked in position. 

INDUCTION REGULATORS. 

The English Electric Company is the largest 
manufacturer of this type of apparatus in Great 
Britain, and during the past few years has 
delivered nearly 500 units for the regulation of 
over half a million kVA. Full details concerning 
the application of induction voltage regulators, 
and a number of interesting illustrations, and full 
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description will be found in Vol. V, No. 8, and 
Vol. VI, No. 1, of this journal. 

In addition to a complete range of component 
parts for regulators of widely varying sizes, special 
attention is drawn to typical examples of standard 
3-phase regulators, and regulators of the twin- 
unit type. The former is for + 10 per cent. 
regulation of a 200 kVA. distributor on a 3-phase 
50-cycle system, and is a self-contained unit with 
the automatic gear mounted on the top cover. 
This gear incorporates a highly sensitive voltage 
relay designed so that the moving system is in 
The 
twin-unit induction regulator is one of a number 
it has a 


perfect magnetic balance in any position. 


constructed for the Borough of Ealing : 
capacity of 50 kVA., and will be used for con- 
trolling a load of 500 kVA. from a high-voltage 
ring main through transformers, on the low- 
tension side of which the distributors are inter- 
connected. Fully automatic control is provided, 
and there is a special cross compensation arrange- 
ment to ensure that when two or more regulators 
are operating in parallel on the same busbars, the 
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load will be correctly shared by the distributors. 
A line drop compensator gives a rising charac- 
teristic of voltage as the load increases. 


BoosTER TRANSFORMER. 

An example is shown of this simple device for 
boosting the voltage in two steps on low-voltage 
circuits. The auto- 
transformer and a separate reactance with mid- 
point, and contactors to make connections in 
various combinations, the operations of these 
being carried out automatically by means of a 
current transformer in the load circuit. The out- 
going voltage is raised automatically from a 


apparatus comprises an 


minimum to a maximum in two steps of 5 per 
cent. each as the load current rises to predeter- 
mined values. The operation of the contactors 
is delayed by thermal time relays so that no 
alteration to the voltage occurs until the change 
of load has been maintained for a definite period. 
This device is well suited to cases where step-by- 
step voltage regulation is sufficient and a low first 
cost is important. 


Induction Regulators for the Central Electricity Board, leaving 


Stafford Works. 





We here illustrate two of the three units built for controlling the supply from Finchley to Hornsey. 
The regulators give plus and minus 8} per cent. voltage variation, and are designed to withstand 


374 times full-load current. 


oil, and expansion vessels and Buchholz protective devices are provided, 


The whole of the windings and operating gear is totally immersed in 


The total weight of each 


unit is 13,000 lbs. 
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THE 
CENTRAL ELECTRICITY BOARD 


USE D.P. BATTERIES 





SWANSCOMBE SWITCHING STATION 


The largest 132 kV Switching Station of the “Grid,” linking the London area with the 
systems in Kent and Sussex. An English Electric Co’s. installation embodying a D.P. Battery. 


Altogether 19 D.P. Batteries have been ordered by the C.E.B. for use in connection 
with the “Grid” system at the following places : 


CLYDES MILL FOLKESTONE CANTERBURY 
PAISLEY (Shorncliffe) 
TUNBRIDGE WELLS 
GREENOCK ELTHAM 
KILMARNOCK SWANSCOMBE TONGLAND 
(Southfleet) 
BRIGHTON GLENLEE 
(Portslade) MAIDSTONE E 
EASTBOURNE ALDERLEY EDGE GALASHIELS 
HASTINGS CHESTER DUMERIES 
THE D.P. BATTERY COMPANY LTD., BAKEWELL, DERBYSHIRE 
LONDON :— 50 GROSVENOR GARDENS, S.W.! si 
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Buses powered 
by electricity, the 
cheapest known 


power... prove 





their superiority 


in mobility 











** A.E.C. English Electric ’’ trolley buses are being opera- 

ted by leading municipalities. They find these convenient 

and economical vehicles speed up their passenger services 

and, operating under the cheapest known power, give 
more profitable municipal transport. 





Their extra mobility relieves traffic congestion and thus 
helps to keep the industrial transport of the City moving 


freely. Mobility is the best known means of combating ‘ 
present-day conditions, and, at the same time, improving 30 65 Sealer Electric 
passenger facilities. y 


Write for literature to 


THE ENGLISH ELECTRIC COMPANY LTD. TROLLE ¥ 


Traction Dept., Bradford, or 


THE ASSOCIATED EQUIPMENT CO. LTD. a4 U § ES 
Southall, Middlesex. 

















October, 1932. THE ENGLISH ELECTRIC JOURNAL XIII 

















MARELLI 
ELECTRIC FANS 


NEW TYPE EXHAUST FAN. 


CAN OPERATE IN ANY FORM OF INSTALLATION. 





Regd. No. 761112. 
Regd. No, 761113, 
(Made in Italy.) 


1. Totally enclosed 2. New design 6-way 3. Maximum Aijir 
ball bearing motor, propeller blades. displacement with 
silent running and (Patent No. the least watt con- 
free from vibration. 366749/32). sumption, 


Supplied for D.C. or A.C. single-phase induction type only. 


STOCKED IN ALL STANDARD VOLTAGES. 


MARELLI & CO., LTD., 


FAN HOUSE, GARLICK HILL, 
LONDON, E.C.4. 


TreLterHone: CENTRAL 0734, TeLecrams: AURETTA, CANNON, LONDON. Castes: AURETTA, LONDON. 
” 7745. 
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SPUR SPUR 
és ° j L 5 . mi 
| &e Ss £¢, " 
Stepen rRnve™ STERED TRAVE 


“SPUR” Transformer, Turbine, and Diesel Engine Oils. 
“SPUR” Lubricating Oils for all classes of Machinery. 
“SPUR” Refrigerator and Gas Engine Oils. 
“SPUR” H.M. Insulating Oil for Switchgear. 
Contractors to the English Electric Co., and to other leading Industrial Concerns, 
Government Departments and Municipalities. 


Deliveries can be made in ROAD or RAIL TANK CARS or PORTABLE TANKS, 


as well as in Barrels and Drums. 
FURTHER INFORMATION FROM: 


Spurrier, GLAZEBROOK & Co., Ltp., 
8, MARKET PLACE, MANCHESTER. 


_ Works & Laboratories: Worsley Street, Salford. 























PACKINGS & 
JOINTINGS 
























ENQUIRIES INVITED. 
Write for Catalogue No. 215 to :— 


JAMES WALKER Co.,Ltd... 


“LION” WORKS, WOKING, SURREY. 
| PHONE: WOKING 1040. GRAMS: LIONCELLE. 
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wy functioned perfectly according to the standards 
of its time—but that time is past. 


The advent of the S.C. Radial has created a new 
standard which completely overshadows the most 
remarkable performances of any earlier design. 


Our Hire Purchase and Purchase 
Exchange Services are at the 
disposal of all who wish to take 
advantage of them. Full particu- 
lars gladly furnished on request. 











Where highest possible production is required, the 
Asquith ‘ Super-Electric’’ Radial is a necessity. 
Failure to recognise this fact presents wiser con- 
temporaries with an overwhelming advantage in high 
production, efficiency and economy. 


Astounding economies are evidenced by actual 
figures received from customers who have replaced 
earlier radials with our latest electrically-driven 
models. 


Many of these re-organisations are the result of our 
recommendations after an investigation of existing 
plant and methods, pointing the way to greater 
profit-earning capacity. 


William Asquith, Limited, 
Well Royd Works, HALIFAX. 
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! HORIZONTAL BORING MACHINE 
WITH 
TRAVERSING 
SPINDLE 








— eee ee We 
: a SEO. RICHARDS & + 
“FRE PEARN GICHARD wnt SROADMERTH MANCHESTE 


y 
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@ FEATURES 


& Wide range of feeds and speeds. 


The above illustration shows one of a 
range of six sizes made, both with and * Totally enclosed spindle frame. 
without traversing spindle, and all built 
to guaranteed fine limits of accuracy. ee Patent Squaring Lock to table 

ensures absolute squareness 
between all sides of work. 


€& Perfect concentricity between inner 
and outer spindles is maintained 
indefinitely by the patented bearings 
incorporated. 


Write for further particulars to 
ASSOCIATED BRITISH MACHINE 


TOOL MAKERS LTP Of robust construction throughout, 


the machine is pre-eminently suited 


17, Grosvenor Gardens, i 
for use with the latest cutting alloys. 


LONDON, S.W.1 


Built by specialists with half a 
century’s experience in the manufac- 
ture of these machines. 











October, 1932. 
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with enormous 
ECONOMY EFFECTING 


Possibilities! 


Ol 






Efficiently welded by a New Process 
that produces a splendid surface 
for plating, enamelling, etc. 


Can be produced in any length. 
Can be manipulated to any re- 
quirements. 


In round, square, ““D,” and a wide 
variety of sections. 


Accurate in gauge, uniform in size, 
and competitive in price. 


It is used successfully in the 
manufacture of hand-railings, steel 
furniture, gas and electrical 
appliances and in nearly every 
engineering trade, resulting in 
better products at lower cost. 


A sample, showing how efficiently 
“N.P.” tubing is welded, together 
with an interesting booklet, will be 
sent on request. 


Lala 


Telephone : : Telegrams: 
Broadwell 1651. ““ Tuproducts, Oldbury.”’ 


Our Research Department 
will be pleased to consider 
any suggestion for the im- 
provement of your products 
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STRAKER BROTHERS 


LTD. 


CATALOGUE AND 
COLOUR PRINTING 


PERIODICAL AND 
COMPANY PRINTING 


SPECIALISTS IN DESIGNING LETTER HEADINGS 
FOR REPRODUCTION BY POWER RELIEF STAMPING 


LOOSE LEAF BINDERS 
FOR ALL PURPOSES 


OFFICE SUPPLIES 


THE BISHOPSGATE PRESS, 


194-200, BISHOPSGATE, 
~ LONDON, E.C.2 


BISHOPSGATE 2444 























